Introduction
The diphenyl/biphenyl skeleton is one among the many carboxylate-bearing organic platforms which have been used in the synthesis of uranyl-organic complexes, coordination polymers and frameworks. [1] [2] [3] [4] [5] Most occurrences of this platform involve the linear 4,4ʹ-diphenyldicarboxylate ligand, [6] [7] [8] [9] [10] which has provided access to several novel systems, among which may be mentioned complexes displaying U=O-U oxo-bonding, 7 polycatenation, 8 or single-crystal-to-singlecrystal phase transitions 10 (polycatenation was also reported with the related 2,2ʹ-bipyridine-5,5ʹ-dicarboxylate ligand 11 ). With two more carboxylate groups, 3,3ʹ,4,4ʹdiphenyltetracarboxylate was also used and allowed formation of a triperiodic framework. 12 These particular ligands generally retain a quasi-planar geometry of the diphenyl moiety, but this is no longer true when the carboxylate substituents are located closer to one another, as in 1,1ʹ-diphenyl-2,2ʹ,6,6ʹ-tetracarboxylate, in which steric crowding results in quasi-perpendicular positioning of the two aromatic rings expected to favour triperiodic arrays, and which has actually been shown to form mono-, di-, and triperiodic uranyl complexes. 13 Although 2,2ʹbipyridine-3,3ʹ-dicarboxylate and 1,1ʹ-diphenyl-6,6ʹ-dinitro-2,2ʹ-dicarboxylate, both with tilted aromatic rings, have also been used in this context, [14] [15] [16] no uranyl ion complex has yet been reported with the simpler ligand resulting from deprotonation of diphenic acid (1,1ʹ-diphenyl-2,2ʹ-dicarboxylic acid, H2dip). In order to expose the possible coordination modes of this ligand toward the uranyl ion and thus its potential for the creation of new coordination arrays, we have synthesized nine homo-or heterometallic complexes under solvo-hydrothermal conditions in the presence of various cosolvents, coligands and additional cations/counterions. These complexes have been characterized by their crystal structure and, for some of them, their emission spectrum in the solid state. Although low-periodicity compounds are the general outcome of these reactions, proper choice of the additional cation has allowed the formation of 3 a diperiodic assembly. The coordination mode of the ligand also displays a degree of variability, including different bridging and chelating geometries.
Experimental Synthesis
Caution! Uranium is a radioactive and chemically toxic element, and uranium-containing samples must be handled with suitable care and protection. UO2(NO3)2·6H2O (depleted uranium, R. P. Normapur, 99%) and AgNO3 were purchased from Prolabo. Diphenic acid and 1,10-phenanthroline were from Aldrich, and 2,2ʹbipyridine was from Fluka. [Ni(cyclam)(NO3)2], [Ni(R,S-Me6cyclam)(NO3)2], and [Cu(R,S-Me6cyclam)(NO3)2] were synthesized as described in previous work. 17, 18 Elemental analyses were performed by MEDAC Ltd. at Chobham, UK. For all syntheses, the mixtures in demineralized water/organic solvent were placed in 10 mL tightly closed glass vessels and heated at 140 °C under autogenous pressure, and the crystals were grown in the hot, pressurized solutions.
[UO2(dip)] (1). H2dip (25 mg, 0.10 mmol) and UO2(NO3)2·6H2O (50 mg, 0.10 mmol) were dissolved in water (0.8 mL) and acetonitrile (0.2 mL). Yellow crystals of complex 1 were obtained in low yield within one week.
[UO2(dip)(bipy)] (2). H2dip (25 mg, 0.10 mmol), UO2(NO3)2·6H2O (35 mg, 0.07 mmol), AgNO3 (17 mg, 0.10 mmol), and 2,2ʹ-bipyridine (32 mg, 0.20 mmol) were dissolved in water (0.8 mL) and acetonitrile (0.2 mL). Yellow crystals of complex 2 were obtained in low yield within one week.
[UO2(dip)(phen)] (3). H2dip (25 mg, 0.10 mmol), UO2(NO3)2·6H2O (35 mg, 0.07 mmol), Pb(NO3)2 (33 mg, 0.10 mmol), and 1,10-phenanthroline (18 mg, 0.10 mmol) were dissolved in water (0.8 mL) and acetonitrile (0.2 mL). Yellow crystals of complex 3 were 4 obtained within one week ( and acetonitrile (0.2 mL). Yellow crystals of complex 8 and purple crystals of complex 9 were obtained together within three days. 5 
Crystallography
The data were collected at 100(2) K on a Nonius Kappa-CCD area detector diffractometer 19 using graphite-monochromated Mo K radiation ( = 0.71073 Å). The crystals were introduced into glass capillaries with a protective coating of Paratone-N oil (Hampton Research). The unit cell parameters were determined from ten frames, then refined on all data. The data (combinations of -and -scans with a minimum redundancy of 4 for 90% of the reflections)
were processed with HKL2000. 20 Absorption effects were corrected empirically with the program SCALEPACK. 20 The structures were solved by intrinsic phasing with SHELXT, 21 expanded by subsequent difference Fourier synthesis and refined by full-matrix least-squares on F 2 with SHELXL-2014. 22 All non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms bound to oxygen and nitrogen atoms in complexes 5-9 were retrieved from difference Fourier maps (except for those of two free water molecules in 9), and were refined with restraints on bond lengths and angles when necessary, and an isotropic displacement parameter equal to 1.2 (NH) or 1.5 (H2O) times that of the attached atom. All the other hydrogen atoms were introduced at calculated positions and were treated as riding atoms with an isotropic displacement parameter equal to 1.2 times that of the parent atom (1.5 for CH3, with optimized geometry). In complex 5, the Ag2 atom is disordered over two sites which were refined with occupancy parameters constrained to sum to unity.
Crystal data and structure refinement parameters are given in Table 1 . The molecular plots were drawn with ORTEP-3, 23 and the polyhedral representations with VESTA (Version 3.4.4). 24 The topological analyses were conducted with ToposPro. 25 6 
Luminescence Measurements
Emission spectra were recorded on solid samples using a Horiba-Jobin-Yvon IBH FL-322
Fluorolog 3 spectrometer equipped with a 450 W xenon arc lamp, double-grating excitation and emission monochromators (2.1 nm/mm of dispersion; 1200 grooves/mm) and a TBX-04 single photon-counting detector. The powdered compounds were pressed to the wall of a quartz tube, and the measurements were performed using the right angle mode. An excitation wavelength of 420 nm, a commonly used point although only part of a broad manifold, was used in all cases and the emission was monitored between 450 and 650 nm. The quantum yield measurements were performed by using a Hamamatsu Quantaurus C11347 absolute photoluminescence quantum yield spectrometer and exciting the sample between 300 and 400 nm.
Results and discussion

Synthesis
All complexes were synthesized under solvo-hydrothermal conditions at a temperature of 140 °C, with the organic cosolvent being acetonitrile for complexes 1-3, 5 and 7-9, and N,Ndimethylformamide for 4 and 6. As commonly found with syntheses performed with DMF as a cosolvent, dimethylammonium cations resulting from solvent hydrolysis are present in complex 4. Apart from this, the only occurrences of the organic solvent in the present series of complexes is as a ligand on Ag I in 5 and as a solvation molecule in 7. It is notable that a nitrate coligand is present in complex 8; although generally displaced by carboxylate donors, nitrate anions are sometimes retained in the uranyl coordination sphere, their presence presumably reflecting subtle influences of solid state interactions on the solubility of the complex. It is notable that crystals of 8 were obtained together with crystals of 9, in which nitrate is absent. When the intention was to synthesize a homometallic, neutral uranyl complex, the uranyl/H2dip ratio in the synthesis was 1:1, and this ratio is retained in complex 1, while it is 2:3 in complex 4 due 8 to the adventitious presence of dimethylammonium cations. In cases where formation of an anionic uranyl complex was contemplated, the ratio in solution was 7:10, but the expected 2:3 ratio in the solid state was only found in complex 5; complexes 2 and 3 have the 1:1 ratio due to non-incorporation of the additional cations intended, and the other complexes display different stoichiometries defective in uranyl cations, 1:2 in 6 and 7 (the latter incorporating both fully-and mono-deprotonated ligands), and 3:4 in 9. Finally, the ratio is 1:1 in 8, but the complex is nevertheless anionic in this case due to the coordinated nitrate anion. Overall, if association of additional metallic cations to anionic uranyl complexes can be considered generally successful, the control of the finer details, and particularly the stoichiometry, is far less satisfying, and can be seen as a drawback of the otherwise very attractive solvohydrothermal synthesis methods.
Crystal structures
The complex [UO2(dip)] (1) is the simplest in the series, being homometallic and neutral, and with only one uranyl cation and one ligand in the asymmetric unit ( Fig. 1 ). The uranium cation is chelated by one carboxylate group in the  2 -O,O' mode (four-membered chelate ring), and it is also chelated by binding one oxygen from each of the two carboxylate groups of another diphenate ligand to form a nine-membered chelate ring. Since these two chelation modes will be frequently found in this series of complexes, they will be denoted as modes 1 and 2 respectively, in keeping with former use. 13 3), and the dip 2ligands are now apparently unable to form 9-membered (mode 2) chelate rings.
As usual in uranyl ion complexes including a chelating bipy or phen molecule and two chelating carboxylates, the N-donor ligand is tilted with respect to the mean plane defined by uranium and the four carboxylate donors, [31] [32] [33] the latter having a root mean square (rms) deviation of 0.09 Å in both compounds. The dihedral angle between bipy or phen and this mean plane is 13 28.36(10)° in 2 and 24.44(13)° in 3, these values being in the usual range, with bipy being generally more tilted than phen. 31 The  dihedral angles are 73.50 (13) In particular, they connect the two carboxylate groups of each lateral ligand through formation It is notable that, in the same manner as K + and NH4 + cations have somewhat similar 16 properties, 38 Ag + appears to be here a perfect substitute for H2NMe2 + , but this may be an exceptional case. Weak interactions in the packing (KPI 0.70) are analogous to those in 4 and will not be detailed further. We have shown recently that complexes of d-block metal cations with the azamacrocycles cyclam or R,S-Me6cyclam can be useful as counterions or building blocks 17 (depending on whether the metal cation is additionally bound or not to carboxylate groups) in the synthesis of uranyl coordination polymers, 17, 18 and the four last complexes in this series involve such species. The complex [Ni(R,S-Me6cyclam)(H2O)2][UO2(dip)2] (6) has an asymmetric unit containing a unique uranium atom located on an inversion centre and chelated in mode 2 by two dip 2ligands, its coordination environment being thus square bipyramidal ( Fig. 6 ), a geometry less common than the pentagonal and hexagonal bipyramidal ones, but in which half the ligands are in the monoprotonated Hdipform (Fig. 7) . The unique uranium While the presence of terminal nitrate and the absence of axial Cu II bonding in 8 only allowed for the formation of a zero-periodic complex, these limitations are removed in complex 9. As shown in Fig. 9 , the two independent uranium atoms are in different environments. Atom single, fourfold nodes, the net has the sql topology). The fes topology is a rather common one, 39 and, in particular, it has been found in several uranyl-containing species in which bridging carboxylate groups produce dinuclear subunits corresponding to the four-membered rings of the net. [40] [41] [42] [43] [44] In some of these cases, the ligands involved are also chelating a single uranyl cation in the dimer through two coordination sites, either two carboxylate groups, 42 as in 9, or one carboxylate and one sulfonate. 40, 44 Aromatic groups protrude on the two sides of the layers in a mixture of the same mode 1/mode 2 chelation and bridging geometries present here, but the larger ligand denticity and more divergent nature result in overall higher periodicity, with diperiodic networks being dominant and one instance of a triperiodic framework. 13 In the present dicarboxylate complexes and whatever the coordination mode, limitation of the connectivity to one side of the ligand limits the periodicity of the assemblies formed.
Luminescence properties
Emission spectra under excitation at 420 nm were recorded for complexes 3-5 and 7 in the solid state ( Fig. 10) , the other complexes having been obtained in insufficient yield and purity, or as mixtures (8 and 9) . The spectra of complexes 3-5 display the usual well-resolved series of peaks associated with the vibronic progression corresponding to the S11  S00 and S10  S0 ( = 0-4) electronic transitions. 45 The maxima of the four main peaks are at 482-485, 502-505, 525-528, and 548-552 nm, the most blue-shifted values being for 4 and the most red-shifted for 3.
Uranyl emission of 7 appears to be largely quenched, either through preferential absorption of the 420 nm radiation by Ni II , 46 or through the latter providing a route for energy transfer and nonradiative relaxation, as frequently observed with d-block metal cations. [47] [48] [49] [50] [51] [52] The large, most intense peaks in 7 have maxima at about 484, 504 and 522 nm. Uranyl cations in complexes 4 and 5 have six oxygen atoms as equatorial donors, and 3 has four oxygen and two nitrogen donors, and the maxima positions in their spectra are in agreement with those generally observed in similar complexes, while the values for 7, with five oxygen donors, are somewhat smaller than usual. 53 Solid-state photoluminescence quantum yields (PLQYs) have been measured for complexes 3 and 4, and are 6 and 3%, respectively. These are usual values for uranyl complexes having a pale yellow color, 18, 44 larger values, often associated with yellowgreen coloring, being still rare. 54, 55 9). It appears that the diphenate ligand, with its two ligating groups displaying insufficient divergence, offers little prospect for the synthesis of uranyl-containing triperiodic frameworks. The limited donor group divergence is reflected in the large, 9-membered chelate ring (mode 2) formed by dip 2in complexes 1 and 5-9, such a large size for a chelate being unusual in coordination chemistry in general but explicable here and in the case of the similar ligand 1,1ʹ-diphenyl-2,2ʹ,6,6ʹtetracarboxylate 13 by the diminished entropic barrier to chelation resulting from conformational 29 restrictions. Whether this tendency might be exploited by the use of diphenate as a blocking group in mixed carboxylate complexes is a prospect perhaps worthy of further exploration.
Conclusions
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